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Description 

FIELD OF THE INVENTION 

[0001] Apparatus and method for implementing a lin- 
early approximated Log MAP algorithm and especially 
an apparatus and method for implementing a linearly 
approximated Log MAP algorithm for turbo decoding 
and turbo equalization. 

BACKGROUND OF THE INVENTION 

[0002] Turbo Coding (i.e.- TC) is used for error control 
coding in digital communications and signal processing. 
The following references give some examples of various 
implementations of the TC: "Near Shannon limit error 
correcting coding and decoding: turbo-codes", by Ber- 
rou, Glavieux, Thitimajshima, IEEE International Con- 
ference of Communication. Geneva Switzerland, pp. 
1064-1070, May 1993; "Implementation and Perform- 
ance of aTurbo/MAP Decoder", Pietrobon, International 
Journal of Satellite Communication; "Turbo Coding", 
Heegard and Wicker, Kluwer Academic Publishers 
1999. 

[0003] MAP algorithm and soft output Viterbi algo- 
rithm (SOVA) are Soft Input Soft Output (i.e.- SISO) de- 
coding algorithms that have gained wide acceptance in 
the area of communications. Both algorithms are men- 
tioned in U.S patent 5,933,462 of Viterbi et al. 
[0004] The TC has gained wide acceptance in the ar- 
ea of communications, such as in cellular networks, mo- 
dems, and satellite communications. Some turbo en- 
coders consists of two parallel-concatenated systematic 
convolutional encoders separated by a random inter- 
leaver. A turbo decoder has two soft-in soft-out (SISO) 
decoders. The output of the first SISO is coupled to the 
input of the second SISO via a first interleaver, while the 
output of the second SISO is coupled to an input of the 
first SISO via a feedback loop that includes a deinter- 
leaver. 

[0005] A common SISO decoder uses either a maxi- 
mum a posteriori (i.e.- MAP) decoding algorithm or a 
Log MAP decoding algorithm. The latter algorithm is an- 
alogues to the former algorithm but is performed in the 
logarithmic domain. Another common decoding algo- 
rithm is the max log MAP algorithm. The max log MAP 
is analogues to the log MAP but the implementation of 
the former involves an addition of correction factor. 
Briefly, the MAP finds the most likely information bit to 
have been transmitted in a coded sequence. 
[0006] The output signals of a convolutional encoder 
are transmitted via a channel and are received by a re- 
ceiver that has a turbo decoder. The channel usually 
adds noise to the transmitted signal. 
[0007] During the decoding process a trellis of the 
possible states of the coding is defined. The trellis in- 
cludes a plurality of nodes (states), organized in T stag- 
es, each stage has N=2sup(K-1) nodes, whereas T be- 



ing the number of received samples taken into account 
for evaluating which bit was transmitted from a transmit- 
ter having the convolutional encoder and K is the con- 
straint length of the code used for encoding. Each stage 

5 is comprised of states that represent a given time. Each 
state is characterized by a forward state metric, com- 
monly referred to as alpha (a or a) and by a backward 
state metric, commonly referred to as beta (P or b) . 
Each transition from a state to another state is charac- 

10 terized by a branch metric, commonly referred to as 
gamma (y). 

[0008] Alphas, betas and gammas are used to evalu- 
ate a probability factor that indicates which signal was 
transmitted. This probability factor is commonly known 
15 as lambda (A). A transition from a stage to an adjacent 
stage is represented by a single lambda. 
[0009] A function MAX*(a(n),b(n)) is frequently used 
when alphas, betas and gammas are calculated. Con- 
veniently, said calculation involves in a comparison of a 
20 (n) and b(n). Said elements a(n) and b(n) usually have 
real values. MAX*(a(n), b(n)) equals MAX(a(n), b(n)) + 
Log(1 +EXP{-|a(n)-b(n)|}). The first portion of said equa- 
tion is usually calculated. The calculation of the second 
portion is relatively complicated and time consuming. 
25 Usually an approximation of said second portion is cal- 
culated. Said approximation is either a linear approxi- 
mation, a step approximation or a multi step approxima- 
tion. A linear approximation method is described in "Lin- 
earity Approximated for Log-MAP Algorithms for Turbo 
30 Decoding", by Jung-Fu Cheng and Tony Ottoson, 51 st 
IEEE Vehicular Technology Conference Proceedings, 
13-15 May 2000, pages 2252-2256. Said method sug- 
gests to approximate the second portion by a the follow- 
ing functions: MAX{0, (C-|a(n)-b(n)|/4} and by : MAX{0, 
35 (C-|a(n)-b(n)|/8}. Both estimations provide relatively 
poor performances when |a(n)-b(n)| is relatively small, 
and their implementation is relatively time consuming. 
[0010] Another simplified linear approximation meth- 
od is described in "Simplified Log-MAP Algorithm", Re- 
40 search Disclosure, No. 421, XP888685, May 1999, 
page 612. There is a need for providing a fast and high 
performance apparatus and method for implementing a 
linearly approximated Log MAP algorithm. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

[001 1 ] While the invention is pointed out with particu- 
larity in the appended claims, other features of the in- 
vention are disclosed by the following detailed descrip- 
50 tion taken in conjunction with the accompanying draw- 
ings, in which: 

FIG. 1 . is a schematic description of a portion of a 
MAX*(a(n),b(n)) function and a linear approxima- 
55 tion of said function, according to a preferred em- 
bodiment of the invention; 

FIGS. 2-3 are schematic diagrams illustrating two 
apparatuses for implementing a linearly approxi- 
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mated Log MAP algorithm, according to a preferred 
embodiment of the invention; and 
FIG. 4 is a flow chart illustrating a method for imple- 
menting a linearly approximated Log MAP algo- 
rithm, according to a preferred embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[001 2] It should be noted that the particular terms and 
expressions employed and the particular structural and 
operational details disclosed in the detailed description 
and accompanying drawings are for illustrative purpos- 
es only and are not intended to in any way limit the scope 
of the invention as described in the appended claims. 
[0013] The invention provides a fast and high per- 
formance apparatus and method for implementing a lin- 
early approximated Log MAP algorithm. Said approxi- 
mation is a linear approximation having a slope of -0.5, 
said slope providing an improved approximation when 
a(n) is substantially equal to b(n). Conveniently, method 
is executed during a single clock cycle. 
[0014] The invention provides a fast and high per- 
formance apparatus and method for implementing a lin- 
early approximated Log MAP algorithm. 
[0015] The invention provides a method for imple- 
menting a linearly approximated Log MAP algorithm, 
said implementation involves calculating MAX*(a(n),b 
(n)) function, said method comprising the steps of: (A) 
Receiving a(n), b(n) and DE; (B) Calculating (a(n)+b(n) 
+DE)/2 and generating at least one intermediate result, 
said at least one intermediate result reflecting at least 
one relationship between at least two elements out of a 
(n), b(n) and DE; and (C) Providing an MAX*(a(n),b(n)) 
result selected from a group comprising of a(n), b(n) or 
(a(n)+b(n)+DE)/2, said selection dependent upon the at 
least one intermediate result. Conveniently, the linearly 
approximated Log MAP algorithm is implemented in ei- 
ther an iterative decoding process or in an iterative 
equalization process. 

[0016] The invention provides a method for imple- 
menting a linearly approximated Log MAP algorithm 
wherein a first intermediate result indicates 
whether an absolute value of a difference between a(n) 
and b(n) is greater than DE. A second intermediate re- 
sult indicates whether 

a(n) is greater than b(n). Conveniently, the at least one 
intermediate result 

comprising of either a sign(a(n)-b(n)-DE) signal and a 
sign(b(n)-a(n)-DE) signal or of a sign(a(n)-b(n)) signal 
and a sign(|a(n)-b(n)|-DE) signal. 
[0017] The invention provides a method for imple- 
menting a linearly approximated Log MAP algorithm 
wherein the MAX*(a(n),b(n)) result equals (I) MAX(a(n), 
b(n)) when |a(n)-b(n)| is not smaller than DE, and (II) (a 
(n)+b(n)+DE)/2 when |a(n)-b(n)| is smaller than DE. |a 
(n)-b(n)| is smaller than DE when (a(n)-b(n)-DE) < 0 and 
(-a(n)+b(n)-DE) < 0. 



[0018] The invention provides a method for imple- 
menting a linearly approximated Log MAP algorithm 
wherein the MAX*(a(n),b(n)) result equals (I) a(n) when 
(a(n)-b(n)-DE) > 0 and (b(n)-a(n) -DE) < 0; (II) b(n) when 

5 (a(n)-b(n)-DE) < 0 and (b(n)-a(n) -DE) > 0; and (III) (a 
(n)+b(n)+DE)/2 when |a(n)-b(n)| is smaller than DE. 
[0019] The invention provides an apparatus for imple- 
menting a linearly approximated Log MAP algorithm, 
said implementation involves calculating MAX*(a(n),b 

10 (n)) function, said apparatus comprising of: (A) Calcu- 
lating means for receiving a(n), b(n) and DE; for Calcu- 
lating (a(n)+b(n)+DE)/2 and for generating at least one 
intermediate result, said at least one intermediate result 
reflecting at least one relationship between at least two 

15 elements out of a(n), b(n) and DE; and (B) Selecting 
means for providing an MAX*(a(n),b(n)) result selected 
from a group comprising of a(n), b(n) or (a(n)+b(n)+DE) 
12, said selection dependent upon the at least one inter- 
mediate result. Conveniently, the linearly approximated 

20 Log MAP algorithm is implemented in an iterative de- 
coding process or in an iterative equalization process. 
[0020] The invention provides an apparatus for imple- 
menting a linearly approximated Log MAP algorithm 
wherein a first intermediate result indicates 

25 whether an absolute value of a difference between a(n) 
and b(n) is greater than DE and a second intermediate 
result indicates whether a(n) is greater than b(n). Con- 
veniently, the at least one intermediate result comprising 
of a sign(a(n)-b(n)-DE) signal and a sign(b(n)-a(n)) sig- 

30 nal. The at least one intermediate result comprising of 
a sign(a(n)-b(n)) signal and a sign(|a(n)-b(n)|-DE) sig- 
nal. 

[0021 ] The invention provides an apparatus for imple- 
menting a linearly approximated Log MAP algorithm that 
35 is adapted to calculate the MAX*(a(n),b(n)) function dur- 
ing a single clock cycle. 

[0022] The invention provides an apparatus for imple- 
menting a linearly approximated Log MAP algorithm 
wherein the MAX*(a(n),b(n)) result equals MAX(a(n),b 

40 (n)) when |a(n)-b(n) | is not smaller than DE, and equals 
(a (n)+b(n)+DE)/2 when |a(n)-b(n)| is smaller than DE. 
[0023] The invention provides an apparatus for imple- 
menting a linearly approximated Log MAP algorithm 
wherein the MAX*(a(n), b(n)) result equals a(n) when (a 

45 (n)-b(n)-DE) > 0 and (b(n)-a(n) -DE) < 0; wherein the 
MAX*(a(n), b(n)) result equals b(n) when (a(n)-b(n)-DE) 
< 0 and (b(n)-a(n) -DE) > 0; and wherein the MAX*(a(n), 
b(n)) result equals (a(n)+b(n)+DE)/2 when |a(n)-b(n)| is 
smaller than DE. 

50 [0024] For convenience of explanation, the following 
description relates to turbo decoding. The invention is 
not limited to said decoding method. For example said 
invention is also applied in various detection processes 
such as equalization processes. 

55 [0025] |a(n)-b(n)| is an absolute value of a difference 
between a(n) and b(n). 

[0026] EXP{-|a(n)-b(n)|} equals e by the power of -|a 
(n)-b(n)|. 
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[0027] FIG. 1 is a graph illustrating a portion of a MAX* 
(a(n), b(n)) versus an absolute value of a difference be- 
tween a(n) and b(n). Said graph further illustrates a lin- 
ear approximation AP(n) of said portion. Said portion 
equals Log(1 +EXP{-|a(n)-b(n)|}). Curved line 4 illus- 
trates portion Log(1+EXP{-|a(n)-b(n)|}), while line 5 il- 
lustrates a linear approximation of said portion. The 
slope of said linear approximation substantially equals 
- 0.5. AP(n) = MAX{0,(DE-(a(n)-b(n))/2)}. Preferably 
DE=2*LOG(2). 

[0028] Said linear approximation provides superior 
performances when the difference between a(n) and b 
(n) is very small. Furthermore, such an approximation 
allows to speed the calculation of the MAX* function, as 
further illustrated in Figs. 2-3. 

[0029] Referring to Fig. 2 illustrating an apparatus 10 
for implementing a linearly approximated Log MAP al- 
gorithm, according to a preferred embodiment of the in- 
vention. 

[0030] Apparatus 10 implements the following 
equations : 

[1] MAX*(a(n), b(n)) = MAX(a(n),b(n)) 

when |a(n)-b(n)| is not smaller than DE. 

[2] MAX*(a(n), b(n)) = (a(n)+b(n)+DE)/2 

when |a(n)-b(n)| is smaller than DE. 
[0031] Apparatus 1 0 allows to calculate in parallel the 
following values: MAX(A(n), b(n)); (a(n)+b(n)+DE)/2 
and the sign of (|a(n)-b(n)| -DE) and then to determine, 
according to said sign) which of the first two values to 
provide as a result of the calculation. 
[0032] Accordingly, apparatus 10 comprises of first 
means 11 for calculating the following values: MAX(A 
(n), b(n)); (a(n)+b(n)+DE)/2 and the sign of (|a(n)-b(n)| 
-DE) and of a second means 1 9 to determine which of 
the first two elements to provide as a result, according 
to said sign. 

[0033] First means 1 1 comprising of first to third sub- 
tracting units 12-14, adder 15 and two multiplexers 16 
and 17. First and second subtracting units 12-13 and 
adder 15 receive a(n), b(n) and DE. Third subtracting 
unit 14 receives a(n) and b(n) and generates sign(a(n)- 
b(n)). Sign(a(n)-b(n)) is provided a a control signal to 
first and second multiplexers 16 and 17. Second multi- 
plexer 1 7 receives a(n) and b(n) and selects the greater 
element out of them, in response to sign(a(n)-b(n)). 
Therefore, second multiplexer 17 generates MAX(a(n), 
b(n)) and provide it to second means 19. Adder 15 re- 
ceives a(n), b(n) and DE and provides to second means 
1 9 (a(n)+b(n)+DE)/2. The division by two is a shift of the 
bit position by one. Second means receives a control 
signal sign(|a(n)-b(n)|-DE) and accordingly selects 
whether to provide MAX(a(n),b(n)) provided by second 



multiplexer 17 or (a(n)+b(n)+DE)/2, provided by first 
multiplexer 16. First subtracting unit 12 receives a(n), b 
(n) and DE and generates sign(b(n)-a(n)-DE). Second 
subtracting unit 13 receives a(n), b(n) and DE and gen- 
5 erates sign(a(n)-b(n)-DE). Both sign signals are provid- 
ed to first multiplexer 16, that selects the appropriate 
sign signal according to sign(a(n)-b(n)) provided by third 
subtracting unit 14. 

[0034] Conveniently, apparatus 1 0 performs said cal- 
10 culation in a single clock cycle. 

[0035] Referring to Fig. 3 illustrating an apparatus 20 
for implementing a linearly approximated Log MAP al- 
gorithm, according to a preferred embodiment of the in- 
vention. 

15 [0036] Apparatus 20 implements the following equa- 
tions: 



[5] MAX*(a(n), b(n)) = (a(n)+b(n)+DE)/2 

30 

when |a(n)-b(n)| is smaller than DE. 
[0037] Apparatus 20 allows to calculate in parallel the 
following values: (a(n)+b(n)+DE)/2, the sign of (a(n)-b 
(n) -DE) and the sign of (b(n)-a(n)-DE) and to determine, 
35 according to said values which of following values to 
provide as a result of the calculation : a(n), b(n) and (a 
(n)+b(n)+DE)/2. 

[0038] Accordingly, apparatus 20 comprises of first 
means 21 for calculating the following values: 
40 (a(n)+b(n)+DE)/2, the sign of (a(n)-b(n) -DE) and sign 
of (b(n)-a(n)-DE) and a second means 29 to determine 
which of the following elements to provide (a(n), b(n) or 
(a(n)+b(n)+DE)/2) as a result, according to said sign val- 
ues. 

45 [0039] First means 21 comprising of first to second 
subtracting units 22-23, adder 24. First and second sub- 
tracting units 22 - 23 and adder 24 receive a(n), b(n) and 
DE. Adder 24 receives a(n), b(n) and DE and provides 
to second means 29 (a(n)+b(n)+DE)/2. The division by 

so two is a shift of the bit position by one. First subtracting 
unit 22 generates sign(b(n)-a(n)-DE). Second subtract- 
ing unit 23 generates sign(a(n)-b(n)-DE). Both sign sig- 
nals are provided to control inputs of second means 29. 
Second means 29 is conveniently a multiplexer that re- 

55 ceives a(n), b(n) and (a(n)+b(n)+DE)/2 and selects 
which signal to provide according to said control signals. 
[0040] Conveniently, apparatus 20 performs said cal- 
culation in a single clock cycle. 



[3] MAX*(a(n), b(n)) = a(n) 

20 

when (a(n)-b(n)-DE) > 0 and (b(n)-a(n) -DE) < 0. 
[4] MAX*(a(n), b(n)) = b(n) 

25 

when (a(n)-b(n)-DE) < 0 and (b(n)-a(n) -DE) > 0. 



4 



7 



EP 1 189 355 B1 



8 



[0041] FIG. 4 is a flow chart illustrating a method 30 
for implementing a linearly approximated Log MAP al- 
gorithm. 

[0042] Method 30 starts at step 31 of receiving a(n) 
and b(n). 

[0043] Step 31 is followed by step 32 of calculating (a 
(n)+b(n)+DE)/2 and determining at least one intermedi- 
ate result reflecting at least one relationship between a 
(n), b(n) and DE. 

[0044] Step 32 is followed by step 33 of providing a 
one of the values of a(n), b(n) or (a(n)+b(n)+DE)/2, de- 
pendent upon the at least one intermediate result. 
[0045] It should be noted that the particular terms and 
expressions employed and the particular structural and 
operational details disclosed in the detailed description 
and accompanying drawings are for illustrative purpos- 
es only and are not intended to in any way limit the scope 
of the invention as described in the appended claims. 
[0046] Thus, there has been described herein an em- 
bodiment including at least one preferred embodiment 
of an apparatus and method for implementing a fast 
Log-MAP (Maximum-a- Posteriori) algorithm for turbo 
decoding and turbo equalization. 
[0047] It will be apparent to those skilled in the art that 
the disclosed subject matter may be modified in numer- 
ous ways and may assume many embodiments other 
than the preferred form specifically set out and de- 
scribed above. 



Claims 

1 . A method for implementing a linearly approximated 
Log MAP algorithm involving the calculation of a 
MAX* (a(n),b(n)) function, said method comprising 
the steps of: 

receiving a(n), b(n) and a value DE; 
calculating (a(n)+b(n)+DE)/2 and generating at 
least one intermediate result, said at least one 
intermediate result reflecting at least one rela- 
tionship between at least two elements out of a 
(n), b(n) and DE; and 

providing an MAX*(a(n),b(n)) result selected 
from a group comprising of a(n), b(n) or (a(n) 
+b(n)+DE)/2, said selection dependent upon 
the at least one intermediate result. 

2. An iterative decoding method including the linearly 
approximated Log MAP algorithm implementing 
method of claim 1 . 

3. An iterative equalization method including the line- 
arly approximated Log MAP algorithm implement- 
ing method of claim 1 . 

4. The method of claim 1 wherein a first intermediate 
result indicates whether an absolute value of a dif- 



ference between a(n) and b(n) is greater than DE. 

5. The method of claim 1 a second intermediate result 
indicates whether a(n) is greater than b(n). 

5 

6. The method of claim 5 wherein a first intermediate 
result indicates whether an absolute value of a dif- 
ference between a(n) and b(n) is greater than DE. 

10 7. The method of claim 1 wherein the at least one in- 
termediate result comprising of a sign(a(n)-b(n) 
-DE) signal and a sign(b(n)-a(n)-DE) signal. 

8. The method of claim 1 wherein the at least one in- 
15 termediate result comprising of a sign(a(n)-b(n)) 

signal and a sign(|a(n)-b(n)|-DE) signal. 

9. The method of claim 1 wherein said method is ex- 
ecuted during 2 or 3 clock cycles. 

20 

10. The method of claim 1 wherein the MAX*(a(n),b(n)) 
result equals MAX(a(n),b(n)) when |a(n)-b(n)| is not 
smaller than DE, and equals (a(n)+b(n)+DE)/2 
when |a(n)-b(n)| is smaller than DE. 

25 

1 1 . The method of claim 1 wherein the MAX*(a(n), b(n)) 
result equals a(n) when (a(n)-b(n)-DE) > 0 and (b 
(n)-a(n) -DE) < 0; wherein the MAX*(a(n), b(n)) re- 
sult equals b(n) when (a(n)-b(n)-DE) < 0 and (b(n)- 

30 a(n) -DE) > 0; and 

wherein the MAX*(a(n), b(n)) result equals (a 
(n) +b (n) +DE)/2 when (a(n)-b(n)-DE) < 0 and (b 
(n)-a(n)-DE) < 0. 

35 12. An apparatus for implementing a linearly approxi- 
mated Log MAP algorithm involving the calculation 
of a MAX* (a(n),b(n)) function, said apparatus com- 
prising: 

40 calculating means for receiving a(n), b(n) and 

a value DE; 

means for calculating (a(n)+b(n)+DE)/2 and for 
generating at least one intermediate result, 
said at least one intermediate result reflecting 
45 at least one relationship between at least two 

elements out of a(n), b(n) and DE; and 
selecting means for providing an MAX*(a(n),b 
(n)) result selected from a group comprising of 
a(n), b(n) or (a(n)+b(n)+DE)/2, said selection 
50 dependent upon the at least one intermediate 

result. 

13. An iterative decoder comprising linearly approxi- 
mated Log MAP algorithm implementing apparatus 

55 of claim 12. 

14. An iterative equalizer comprising the linearly ap- 
proximated Log MAP algorithm implementing appa- 
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Bereitstellen eines MAX*(a(n), b(n))-Ergebnis- 
ses, das aus einer Gruppe ausgewahlt wird, die 
a(n), b(n) oder (a(n)+b(n)+DE)/2 umfasst, wo- 
bei die Auswahl von dem mindestens einen 
5 Zwischenergebnis abhangt. 

2. Iteratives Dekodierungsverfahren, das das Verfah- 
ren zum Implementieren der linearen Approximati- 
on des Log-MAP-Algorithmus gemaG Anspruch 1 

10 umfasst. 

3. Iteratives Entzerrungsverfahren, das das Verfahren 
zum Implementieren der linearen Approximation 
des Log-MAP-Algorithmus gemaG Anspruch 1 um- 

15 fasst. 

4. Verfahren gemaG Anspruch 1, bei dem ein erstes 
Zwischenergebnis anzeigt, ob ein absoluter Wert 
einer Differenz zwischen a(n) und b(n) groGer als 

20 DE ist. 

5. Verfahren gemaG Anspruch 1 , bei dem ein zweites 
Zwischenergebnis anzeigt, ob a(n) groGer als b(n) 
ist. 

25 

6. Verfahren gemaG Anspruch 5, bei dem ein erstes 
Zwischenergebnis anzeigt, ob ein absoluter Wert 
einer Differenz zwischen a(n) und b(n) groGer als 
DE ist. 

30 

7. Verfahren gemaG Anspruch 1 , bei dem das minde- 
stens eine Zwischenergebnis ein sign(a(n)-b(n) 
-DE)-Signal und ein sign(b(n)-a(n)-DE)-Signal um- 
fasst. 

35 

8. Verfahren gemaG Anspruch 1 , bei dem das minde- 
stens eine Zwischenergebnis ein sign(a(n)-b(n))-Si- 
gnal und ein sign(|a(n)-b(n)|-DE)-Signal umfasst. 



ratus of claim 12. 

15. The apparatus of claim 12 wherein a first interme- 
diate result indicates whether an absolute value of 
a difference between a(n) and b(n) is greater than 
DE. 

16. The apparatus of claim 12 a second intermediate 
result indicates whether a(n) is greater than b(n). 

17. The apparatus of claim 16 wherein a first interme- 
diate result indicates whether an absolute value of 
a difference between a(n) and b(n) is greater than 
DE. 

18. The apparatus of claim 12 wherein the at least one 
intermediate result comprising of a sign(a(n)-b(n) 
-DE) signal and a sign(b(n)-a(n)) signal. 

19. The apparatus of claim 12 wherein the at least one 
intermediate result comprising of a sign(a(n)-b(n)) 
signal and a sign(|a(n)-b(n)|-DE) signal. 

20. The apparatus of claim 12 wherein said apparatus 
calculates the MAX*(a(n),b(n)) function during a 
single clock cycle. 

21. The apparatus of claim 12 wherein the MAX*(a(n), 
b(n)) result equals MAX(a(n),b(n)) when |a(n)-b(n) 
| is not smaller than DE, and equals (a(n)+b(n)+DE) 
/2when |a(n)-b(n)| is smaller than DE. 

22. The apparatus of claim 12 wherein the MAX*(a(n), 
b(n))result equals a(n) when (a(nj-b(n)-DE) > 0 and 
(b(n)-a(n) -DE) < 0; wherein the MAX*(a(n), b(n)) 
result equals b(n) when (a(n)-b(n)-DE) < 0 and (b 
(n)-a(n) -DE) > 0; and 

wherein the MAX*(a(n), b(n)) result equals (a 
(n)+b(n)+DE)/2 when (a(n)-b(n)-DE) < 0 and (b(n)- 
a(n)-DE) < 0. 



Patentanspruche 

1. Verfahren zum Implementieren einer linearen Ap- 
proximation des Log-MAP-Algorithmus, das die Be- 
rechnung einer MAX*(a(n), b(n))-Funktion ein- 
schlieGt, wobei das Verfahren die folgenden Schrit- 
te umfasst: 

Empfangen von a(n), b(n) und eines Wertes 
DE; 

Berechnen von (a(n)+b(n)+DE)/2 und Erzeu- 
gen mindestens eines Zwischenergebnisses, 
wobei das mindestens eine Zwischenergebnis 
mindestens eine Beziehung zwischen minde- 
stens zwei Elementen der Elemente a(n), b(n) 
und DE widerspiegelt; und 



40 9. Verfahren gemaG Anspruch 1 , bei dem das Verfah- 
ren wahrend 2 oder 3 Taktzyklen durchgefuhrtwird. 

10. Verfahren gemaG Anspruch 1, bei dem das MAX* 
(a(n), b(n))-Ergebnis gleich MAX(a(n), b(n)) ist, 

45 wenn |a(n)-b(n)| nicht kleiner als DE ist, und gleich 
(a(n)+b(n)+DE)/2 ist, wenn |a(n)-b(n)| kleiner als 
DE ist. 

11. Verfahren gemaG Anspruch 1, bei dem das MAX* 
50 (a(n), b(n))-Ergebnis gleich a(n) ist, wenn (a(n)-b(n) 

-DE) > 0 und (b(n)-a(n) -DE) < 0; 

bei dem das MAX*(a(n), b(n))-Ergebnis gleich 
b(n) ist, wenn (a(n)-b(n)-DE) < 0 und (b(n)-a(n) -DE) 
> 0; und 

55 bei dem das MAX*(a(n), b(n))-Ergebnis gleich 

(a(n)+b(n)+DE)/2 ist, wenn (a(n)-b(n)-DE) < 0 und 
(b(n)-a(n)-DE) < 0. 
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12. Vorrichtung zum Implementieren einer linearen Ap- 
proximation des Log-MAP-Algorithmus, die die Be- 
rechnung einer MAX*(a(n), b(n))-Funktion ein- 
schlieGt, wobei die Vorrichtung folgendes umfasst: 

Berechnen von Mitteln zum Empfangen von a 
(n), b(n) und eines Wertes DE; 
Mittel zum Berechnen von (a(n)+b(n)+DE)/2 
und zum Erzeugen von mindestens einem Zwi- 
schenergebnis, wobei das mindestens eine 
Zwischenergebnis mindestens eine Beziehung 
zwischen mindestens zwei Elementen der Ele- 
mente a(n), b(n) und DE widerspiegelt; und 
Auswahlen von Mitteln zum Bereitstellen eines 
MAX*(a(n), b(n))-Ergebnisses, das aus einer 
Gruppe ausgewahlt wird, die a(n), b(n) oder (a 
(n)+b(n)+DE)/2 umfasst, wobei die Auswahl 
von dem mindestens einen Zwischenergebnis 
abhangt. 

13. Iterativer Dekodierer, der die Vorrichtung zum Im- 
plementieren der linearen Approximation des 
Log-MAP-Algorithmus gemaG Anspruch 12 um- 
fasst. 

14. Iterativer Entzerrer, der die Vorrichtung zum Imple- 
mentieren der linearen Approximation des 
Log-MAP-Algorithmus gemaG Anspruch 12 um- 
fasst. 

15. Vorrichtung gemaG Anspruch 12, bei der ein erstes 
Zwischenergebnis anzeigt, ob ein absoluter Wert 
einer Differenz zwischen a(n) und b(n) groGer als 
DE ist. 

16. Vorrichtung gemaG Anspruch 12, bei der ein zwei- 
tes Zwischenergebnis anzeigt, ob a(n) groGer als b 
(n) ist. 

17. Vorrichtung gemaG Anspruch 1 6, bei der ein erstes 
Zwischenergebnis anzeigt, ob ein absoluter Wert 
einer Differenz zwischen a(n) und b(n) groGer als 
DE ist. 

18. Vorrichtung gemaG Anspruch 12, bei der das min- 
destens eine Zwischenergebnis ein sign(a(n)-b(n) 
-DE)-Signal und ein sign(b(n)-a(n))-Signal umfasst. 

19. Vorrichtung gemaG Anspruch 12, bei der das min- 
destens eine Zwischenergebnis ein sign(a(n)-b(n)) 
-Signal und ein sign(|a(n)-b(n)|-DE)-Signal um- 
fasst. 

20. Vorrichtung gemaG Anspruch 12, bei der die Vor- 
richtung die MAX*(a(n), b(n))-Funktion wahrend ei- 
nes einzigen Taktzyklus' berechnet. 

21 . Vorrichtung gemaG Anspruch 1 2, bei der das MAX* 



(a(n), b(n))-Ergebnis gleich MAX(a(n), b(n)) ist, 
wenn |a(n)-b(n)| nicht kleiner als DE ist, und gleich 
(a(n)+b(n)+DE)/2 ist, wenn |a(n)-b(n)| kleiner als 
DE ist. 

5 

22. Vorrichtung gemaG Anspruch 12, bei der das MAX* 
(a(n), b(n))-Ergebnis gleich a(n) ist, wenn (a(n)-b(n) 
-DE) > 0 und (b(n)-a(n) -DE) < 0; 

bei der das MAX*(a(n), b(n))-Ergebnis gleich 
10 b(n) ist, wenn (a(n)-b(n)-DE) < 0 und (b(n)-a(n) -DE) 
> 0; und 

bei der das MAX*(a(n), b(n))-Ergebnis gleich 
(a(n)+b(n)+DE)/2 ist, wenn (a(n)-b(n)-DE) < 0 und 
(b(n)-a(n)-DE) < 0. 

15 

Revendications 

1. Procede d'implementation d'un algorithme Log 
20 MAP a approximation lineaire, mettant en jeu le cal- 

cul d'une fonction MAX*((a(n),b(n)), ledit procede 
comprenant les etapes qui consistent a : 

recevoir a(n), b(n) et une valeur DE ; 

25 

calculer (a(n)+b(n)+DE)/2 et generer au moins 
un resultat intermediaire, ledit au moins un re- 
sultat intermediaire refletant au moins une re- 
lation entre au moins deux des elements a(n), 
30 b(n) et DE ; et 

emettre un resultat MAX*((a(n),b(n)) choisi 
dans un groupe constitue de a(n), b(n) ou (a(n) 
+b(n)+DE)/2, ledit choix dependant dudit au 
35 moins un resultat intermediaire. 

2. Procede de decodage iteratif, comprenant I'algo- 
rithme Log MAP a approximation lineaire imple- 
mentant le procede de la revendication 1 . 

40 

3. Procede d'egalisation iteratif, comprenant I'algorith- 
me Log MAP a approximation lineaire implementant 
le procede de la revendication 1. 

45 4. Procede selon la revendication 1, dans lequel un 
premier resultat intermediaire indique si une valeur 
absolue d'une difference entre a(n) et b(n) est su- 
perieure ou non a DE. 

50 5. Procede selon la revendication 1, dans lequel un 
deuxieme resultat intermediaire indique si a(n) est 
superieur ou non a b(n). 

6. Procede selon la revendication 5, dans lequel un 
55 premier resultat intermediaire indique si une valeur 
absolue d'une difference entre a(n) et b(n) est su- 
perieure ou non a DE. 
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7. Procede selon la revendication 1, dans lequel I'au 
moins un resultat intermediaire est constitue d'un 
signal sign(a(n)-b(n)-DE) et d'un signal sign(b(n)-a 
(n)-DE). 

8. Procede selon la revendication 1, dans lequel I'au 
moins un resultat intermediaire est constitue d'un 
signal sign(a(n)-b(n)) et d'un signal sign(|a(n)-b(n) 
l-DE). 

9. Procede selon la revendication 1, dans lequel le 
procede est execute pendant 2 ou 3 cycles d'horlo- 

ge. 

10. Procede selon la revendication 1 , dans lequel le re- 
sultat de MAX*(a(n),b(n)) est egal a MAX(a(n),b(n)) 
lorsque |a(n)-b(n)| n'est pas inferieur a DE, et est 
egal a (a(n)+b(n)+DE)/2 lorsque |a(n)-b(n)| est in- 
ferieur a DE. 

11. Procede selon la revendication 1, dans lequel : 

le resultat de MAX*(a(n),b(n)) est egal a a(n) 
lorsque (a(n)-b(n)-DE) > 0 et (b(n)-a(n)-DE) < 
0 ; 

le resultat de MAX*(a(n),b(n)) est egal a b(n) 
lorsque (a(n)-b(n)-DE) < 0 et (b(n)-a(n)-DE) > 
0 ; et 

le resultat de MAX*(a(n),b(n)) est egal a (a(n) 
+b(n)+DE)/2 lorsque (a(n)-b(n)-DE) < 0 et (b 
(n)-a(n)-DE) < 0. 

12. Appareil pour implementer un algorithme Log MAP 
a approximation lineaire, mettant en jeu le calcul 
d'une fonction MAX*((a(n),b(n)), ledit appareil com- 
prenant: 

des moyens de calcul, pour recevoir a(n), b(n) 
et une valeur DE ; 

des moyens pour calculer (a(n)+b(n)+DE)/2 et 
generer au moins un resultat intermediaire, le- 
dit au moins un resultat intermediaire refletant 
au moins une relation entre au moins deux des 
elements a(n), b(n) et DE ; et 

des moyens de selection, pour emettre un re- 
sultat MAX*((a(n),b(n)) choisi dans un groupe 
constitue de a(n), b(n) ou (a(n)+b(n)+DE)/2, le- 
dit choix dependant dudit au moins un resultat 
intermediaire. 

13. Decodeur iteratif comprenant I'algorithme Log MAP 
a approximation lineaire implementant I'appareil de 
la revendication 12. 



14. Egaliseur iteratif comprenant I'algorithme Log MAP 
a approximation lineaire implementant I'appareil de 
la revendication 12. 

5 15. Appareil selon la revendication 12, dans lequel un 
premier resultat intermediaire indique si une valeur 
absolue d'une difference entre a(n) et b(n) est su- 
perieure ou non a DE. 

10 16. Appareil selon la revendication 12, dans lequel un 
deuxieme resultat intermediaire indique si a(n) est 
superieur ou non a b(n). 

17. Appareil selon la revendication 16, dans lequel un 
15 premier resultat intermediaire indique si une valeur 

absolue d'une difference entre a(n) et b(n) est su- 
perieure ou non a DE. 

18. Appareil selon la revendication 12, dans lequel I'au 
20 moins un resultat intermediaire est constitue d'un 

signal sign(a(n)-b(n)-DE) et d'un signal sign(b(n)-a 
(n)). 

19. Appareil selon la revendication 12, dans lequel I'au 
25 moins un resultat intermediaire est constitue d'un 

signal sign(a(n)-b(n)) et d'un signal sign(|a(n)-b(n) 
|-DE). 

20. Appareil selon la revendication 12, dans lequel ledit 
30 appareil calcule la fonction MAX*(a(n),b(n)) pen- 
dant un seul cycle d'horloge. 

21. Appareil selon la revendication 12, dans lequel le 
resultat de MAX*(a(n),b(n)) est egal a MAX(a(n),b 

35 (n)) lorsque |a(n)-b(n)| n'est pas inferieur a DE, et 
est egal a (a(n)+b(n)+DE)/2 lorsque |a(n)-b(n)| est 
inferieur a DE. 

22. Appareil selon la revendication 12, dans lequel : 

40 

le resultat de MAX*(a(n),b(n)) est egal a a(n) 
lorsque (a(n)-b(n)-DE) > 0 et (b(n)-a(n)-DE) < 
0 ; 

45 le resultat de MAX*(a(n),b(n)) est egal a b(n) 

lorsque (a(n)-b(n)-DE) < 0 et (b(n)-a(n)-DE) > 
0 ; et 

le resultat de MAX*(a(n),b(n)) est egal a (a(n) 
50 +b(n)+DE)/2 lorsque (a(n)-b(n)-DE) < 0 et (b 

(n)-a(n)-DE) < 0. 
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